Abstract: Mass-banding of geese may disrupt family groups, at least temporarily, and could potentially affect survival of goslings. Thus, we assessed the importance of changes in gosling body condition to prefledging gosling mortality and family group structure following mass-banding in the lesser snow goose ( 
Individual marking of large numbers of birds is valuable to many long-term population studies used for research and management. One of the most commonly used methods of capture before marking, especially for geese and ducks, involves mass-banding drives (e. Early studies on lesser snow geese suggested that effects of mass-banding on maintenance of family group structure were slight. For example, Cooch (1956) and Prevett and MacInnes (1980) showed that 90-95% of birds observed after banding were in family groups, most birds reuniting 4-6 days after banding. However, these studies did not consider the possible reduced survival of separated goslings during the period between banding and re-formation of family groups. In addition, they presented few data on bonds affect survival and breeding success in a number of goose species (Boyd 1953 , Raveling 1970 , Black and Owen 1984 .
Early studies on lesser snow geese suggested that effects of mass-banding on maintenance of family group structure were slight. For example, Cooch (1956) and Prevett and MacInnes (1980) showed that 90-95% of birds observed after banding were in family groups, most birds reuniting 4-6 days after banding. However, these studies did not consider the possible reduced survival of separated goslings during the period between banding and re-formation of family groups. In addition, they presented few data on I I the fates of individually-identifiable broods. Such data allow separation of brood loss and dispersal effects as causes of changes in observed brood size. Herein, we consider the effect of massbanding operations on subsequent pre-fledging gosling survival and family group structure using data from the long-term study of lesser snow geese at La Perouse Bay (LPB), Manitoba. Specifically we assessed the extent and form of brood loss due to banding, investigated how bandinginduced loss was related to gosling condition at the time of capture, and determined whether adoption or brood-mixing following banding compensated for separation of family groups.
We Brood size information was available for all observed broods (i.e., including unbanded individuals) and for individually-identifiable broods for which there were repeat sightings during the brood-rearing period. We compared the size and color-phase composition of broods among 3 periods: early and late pre-banding, and post-banding. For all observed broods, the pre-banding and post-banding samples, included observations from week 5 and week 7 after mean hatch, respectively. To obtain a sufficient sample of re-sighted, individual broods, we pooled data for weeks 1-2 (early pre-banding), weeks 4-5 (late pre-banding), and weeks 6-8 (post-banding) post-hatch. The mean (?SD) observation day (corrected for mean hatch date, 1 = 1 July) for these 3 sample periods was 9.2 ? 2.7, 25.2 ? 2.9, and 44.7 ? 3.9, respectively, with a difference between adjacent periods of 16 and 19 days, respectively. Only the first observation per brood for each period was included in the analysis. We estimated the frequency of 'adoption' and brood mixing by comparing brood size and color phase composition, respectively, for broods recorded at least twice over the 3 time periods. When possible, adoption and mixing was confirmed by additional sightings of the same brood. SAS (SAS Inst. Inc. 1985) was used for all statistical analysis. Student's t-test was used for paired comparisons of brood sizes between observation periods, and Spearman's rank correlation (rs) for comparison of gosling survival and body size.
Mass-Banding Technique
Mass-banding was conducted in late July-early August, on average 5 weeks after mean hatch. Goose flocks were rounded up by helicopter, assisted by people on foot, and driven to a large nearby holding pen (Cooke and Sulzbach 1978). Goslings were processed first, and then held in a separate holding pen to minimize their being trampled by adults. Each bird captured was sexed and aged (gosling, yearling, or adult) and fitted with a unique plastic alphanumeric leg band, indicating year of banding, and/or a Ca- nadian Wildlife Service band. The presence of a web-tag on a gosling encountered at banding allowed determination of the precise age (days since hatch) of the gosling. Data on mass (g) and tarsus length (mm) were taken from known-age goslings and adults captured in the banding drives. We adjusted all gosling measurements for differences due to age (x = 34.9 days) using ANCOVA (Sokal and Rohlf 1981, see Cooch et al. 1991a,b). The mean hatch date for the banded sample of goslings was within ? 1 day of the population mean hatch date in each year. In each year of our study, we processed 10.4-14.8% of the estimated local LPB nesting population (this is a maximum estimate and includes banding drives outside LPB during which LPB nesting birds were captured) (Table 1) . Generally, we avoided banding on very hot or very wet days (Table 1) . At the completion of banding, we allowed adults and goslings to mix in the pens and then moved the entire captured flock into the center of a large body of water before releasing them (following Prevett and Maclnnes 1980). This practice maintained flock cohesion for a longer period and allowed families to reunite. Since 1985, when we first became aware of declining gosling condition, we further modified our banding technique. First, we reduced the total time that the captured flock was held by processing smaller flocks (Table 1 ) and increasing the efficiency of banding and measuring techniques. Second, in 1990, we banded 1 week later in an attempt to allow goslings to reach larger size prior to banding. Third, we chose banding sites that provided a good supply of natural food and water in the gosling holding pen.
RESULTS
Observed brood size decreased (t-test, P < 0.01, in all cases) between 29% and 94% from pre-to post-banding ( Table 2 ). The smallest and largest decrease in observed brood size, over the banding period, occurred in 1984 (the earliest year for which we have data) and 1990, respectively ( Table 2 ). The within-year difference in brood size pre-and post-banding was negatively correlated with gosling tarsus length (r, = -0.87, n = 5, P = 0.05) and with gosling mass (r, = -0.82, n = 5, P = 0.09) at banding for that year. Similarly, the post-banding decrease in brood size was negatively correlated with adult tarsus length and mass at banding (r, = -0.95, n = 5, P = 0.05, in both cases). During the post- For individually-identifiable broods, mean brood size varied among all 3 sample periods (pooling data for all years). However, the decrease in brood size was 3-fold greater between late pre-banding and post-banding than between early and late pre-banding (Table 4) . Furthermore, for 51 broods recorded in each period, brood size did not change (P > 0.10) over the pre-banding period but decreased by 33.3% between pre-and post-banding. Although sample sizes were small, a similar result was obtained when the data were analyzed by year: brood size declined (P < 0.05) between pre-and postbanding in 3 years (1985, 1986, and 1991) , and in each case brood loss was greater than occurred over the pre-banding period (Table 4) . Comparing banded and non-banded broods for broods that had been recorded during the prebanding period, there was no difference (P > 0.10) between brood sizes (banded, n = 68, 1.82 ? 0.18; non-banded, n = 66, 2.19 ? 0.18).
A greater proportion (Chi-square test, P < 0.005) of broods showed some brood loss (partial and total combined) between pre-and postbanding compared with the pre-banding period (Table 5) . Similarly, a greater proportion (P < 0.001) of banded broods post-banding showed brood loss compared with non-banded broods (Table 5 ). However, there was no difference in the ratio of partial to total brood loss shown by broods comparing either pre-and post-banding loss (P > 0.05) or banded and non-banded broods post-banding (P > 0.10, Table 5 ).
Between early and late pre-banding there were 4 (2.5%) possible cases of brood-mixing (Table 6 ). Between weeks 6 and 7 and between weeks 7 and 8, there were 8 (7.9%, n = 101, only five confirmed by additional records before and after the adoption event) and 7 (7.8%, n = 90, only one confirmed) possible cases of adoption, respectively.
DISCUSSION
Our study suggests that, at least since 1985, mass-banding has caused a significant decrease in brood size of lesser snow geese at La Perouse Bay, and that this effect has been particularly marked in more recent years. These decreases in brood size occurred in the population mean and in individual broods recorded before and after banding, and show that changes in observed brood size were not due to differential emigration of large broods away from, or immigration of small broods into, brood-rearing areas. Little or no adoption of goslings, which causes an increase in the size of individual broods, was observed in the period following banding. Similarly, there was little evidence of large-scale brood-mixing due to banding (although comparison of gosling color-phase ratios underestimates the rate of mixing because goslings associate preferentially with birds of the same color phase, Cooke and McNally 1975, Cooke 1978). This suggests that banding had relatively little effect on cohesion of family groups but that the decrease in brood size was due to mortality of separated goslings. Furthermore, the decrease in brood size occurred in the first week after banding and there was no evidence for a continued longer-term decline in brood size over the 3 weeks following banding.
Prevett and Maclnnes (1980) in their study of lesser snow geese at McConnell River, North West Territories, reported that mean observed brood size before and after banding decreased by 3% and 9% in 2 years, much less than the values reported in our study. Furthermore, at McConnell River, the decrease in mean brood size was entirely accounted for by the number of lone goslings observed post-banding (i.e., they found no evidence of increased gosling mortality). As in our study, however, Prevett and MacInnes ( 
MANAGEMENT IMPLICATIONS
Our data suggest that marked increases in banding-induced gosling mortality occur, and they are related to the long-term decrease in gosling growth and body condition associated with habitat degradation of traditional broodrearing areas at La Perouse Bay, rather than to banding per se. At present we believe this effect is a local phenomenon; broods that use alternative feeding areas 30-60 km from LPB (on the coast south of Cape Churchill), where there is little evidence of habitat degradation, grow and survive better than those at LPB (Cooch et al. 1993). However, there is already evidence that environmental degradation of feeding areas is occurring in a number of other lowland Arctic goose populations (Kerbes et al. 1990; R. L. Jefferies, Univ. of Toronto, pers. commun.). In those areas, we suggest that researchers should be particularly aware of the potential problems of massbanding associated with poor gosling condition. Gosling size and age are highly correlated, and first-year survival is positively correlated with gosling age at banding (Francis et al. 1993) . Data on hatch dates should be collected in any banding study to allow optimum timing of banding operations with respect to gosling age and condition. In addition, data on mean brood sizes before and after banding, preferably for marked broods, would allow detection of longterm changes in banding-induced mortality. Data from "one-off" banding drives of randomly located flocks, where there is no follow-up with respect to the effects of banding, should be treated with caution. Preferably, where banding data are used to quantify survival and recruitment parameters, it is essential that some attempt be made to assess the degree of postbanding (but pre-fledging) gosling mortality. For example, at LPB the area around each banding site is searched 1-2 weeks after banding, and bands from any carcasses found are excluded from data used for survival and recruitment analysis (Francis et al. 1992) .
